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[57] ABSTRACT

A field effect transistor is used in the bias circuit of an
oscillation transistor of a piezo-electric oscillator, and a
diode is connected between the gate electrode of the
field effect transistor and the base electrode of the oscil-
lation transistor with a polarity to pass current from the
gate electrode to the base electrode. The source elec-
trode of the field effect transistor is connected to the
base electrode of the oscillation transistor and the drain
electrode of the field effect transistor i1s connected to a
power source.

12 Claims, 9 Drawing Figures
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PIEZO-ELECTRIC OSCILLATORS WITH
AUTOMATIC GAIN CONTROL

BACKGROUND OF THE INVENTION 5

This invention relates to a piezo-electric oscillator,
more particularly a piezo-electric oscillator provided
with an automatic gain control circuit capable of stabi-
lizing the output voltage and reducing the power con-
sumption of the oscillator.

Conventionally, a piezo-electric oscillator has been
proposed which comprises in combination an automatic
gain control circuit including a field effect transistor, as
shown in FIG. 1 of the accompanying drawing and
fully described in Japanese patent publication No.
24066/1975.

In the prior art circuit shown in FIG. 1, a Colpitts
type crystal oscillation circuit 1s constituted by a quartz
oscillator element X, serially connected capacitors C;
and C> and a tranststor Try, and the DC operating point
of the oscillation circuit is determined by bias resistors
R1 and R; and an emitter resistor R3. A DC voltage
obtained by amplifying the emitter voltage of the tran-
sistor tr; by an AC amplifier AMP and then rectifying
the output thereof by a diode D is applied to the gate
electrode G of a field effect transistor Try to act as a
control voltage. Since the resistance between the source
and drain electrodes S and D, that is, the internal resis-
tance of the field effect transistor Tr; varies depending
upon the bias voltage across the gate and source elec-
trodes applied by a resistor R4 connected therebetween,
this internal resistance varies and particularly increases
as the DC control voltage from the diode D) increases.
Since the output of the oscillation circuit is zero at the
time of starting oscillation, the D C control voltage is
also zero and consequently the internal resistance of the
field effect transistor becomes small, thus increasing the
oscillation amplitude. As the oscillation amplitude in-
creases, the DC control voltage also increases to in-
crease the internal resistance of the field effect transis- 40
tor, thereby automatically controlling the amount of
feedback in a manner to obtain a steady state oscillation
amplitude.

However, since the amount of feedback is controlled
by a parallel circuit comprising the inductance of a coil 45
L connected to the collector electrode of transistor Tr
and the internal resistance R of the field effect transistor
Ty, the feedback impedance Z and its phase angle @ are
given by the following equations:
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In this manner, the phase angle 8 of the feedback 55
signal varies depending upon the internal resistance of
the field effect transistor. Accordingly, although the
oscillator of the type shown in FIG. 1 can automatically
control the oscillation amplitude, there is a defect in
that its oscillation frequency varies.

Moreover, in the FIQG. 1 oscillator, in order to stabi-
lize the output voltage with respect to the power source
voltage, it is necessary to stabilize the voltage across
bias resistors R and R of the oscillation circuit and the
bias voltage applied to the AC amplifier AMP, requir-
ing the provision of a separate voltage stabilizing cir-
cuit. However, the use of the AC amplifier and the
voltage stabilizing circuit not only increases the number
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of the component parts but also increases the power
consumption.

SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to pro-
vide an improved piezo-electric oscillator capable of
automatically controlling the gain and stabilizing the
oscillation frequency.

Another object of this invention is to provide an
improved piezo-electric oscillator wherein the current
flowing through the piezo-electric oscillator is de-
creased and the current value is maintained constant,
thereby decreasing the aged variation of the oscillation
frequency.

Still another object of this invention is to provide a
piezo-electric oscillator capable of maintaining the out-
put voltage constant regardless of the variation in the
power source voltage, decreasing the number of the
component parts and decreasing the power consump-
tion.

According to this invention, there is provided in a
piezo-electric oscillator of the type comprising a piezo-
electric oscillator element, an oscillation transistor con-
nected to control the oscillation of said oscillator ele-
ment, and base bias circuit means for driving said oscil-
lation transistor, the improvement wherein the base bias
circuit means comprises a field effect transistor having
its drain connected to a power source and its gate and
source connected in common to the base of the oscilla-
tion transistor, and a diode connected between the gate
and the base to rectify the oscillation signal being passed
to the gate of the field effect transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a connection diagram showing a prior art
piezo-electric oscillation circuit;

FIG. 2 is a connection diagram of a crystal oscillation
circuit showing one embodiment of this invention as
applied to a Colpitts type crystal oscillation circuit;

FIG. 3 is a connection diagram showing a modifica-
tion of the oscillation circuit shown in FiG. 2;

FIG. 4 is a graph showing the relationship of the
source voltage B with respect to the output voltage Vo
and the power consumption I of the circuits shown in
FIGS. 2 and 3;

FIGS. 5a and 5b are connection diagrams showing
modified embodiments of this invention in which the
features of the circuits shown in FIGS. 2 and 3 are
applied to Hartley type crystal oscillators, respectively;

FIGS. 6a and 6b are connection diagrams showing
still further modifications of this invention tn which the
features of the circuits shown in FIGS. 2 and 3 are
applied to Colpitts type crystal oscillators; and

FIG. 7 i1s a connection diagram showing a modifica-
tion of the circuit shown in FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 2 shows a Colpitts type crystal oscillation cir-
cuit embodying the inventton in which a bias voltage
circuit between a power source terminal 1 recetving a
power source voltage of +6 volts, for example, from a
power source (not shown) and the base electrode of an
oscillation transistor Trj (for example, a type 25C 1044
transistor) i1s constructed such that the gate electrode G
of a field effect transistor Tr; (for example, a type 25K
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12 transistor) is connected to common junction of the
anode electrode A of a diode D and a smoothing capac-
itor Cg (0.01 uF, for example), while the cathode elec-
trode K of the diode D) is connected to the base elec-
trode of transistor Tr; and the other terminal of the

capacitor Cg is grounded. The source electrode S of

“transistor Tr3 is connected to the base electrode of tran-
“sistor Tr) via a resistor R5 having a.resistance of 1 kilo-
ohm, while the drain eléctrode D of transistor Tr3 is
connected to the power source terminal 1. An AT-cut
quartz oscillator element X having an oscillation fre-
quency of 4 MHz is connected between the cathode

5

10

electrode of diode D1 and ground, and a bias resistor R¢

(1.2 kiloohms) is connected between the base electrode
of transistor Trj and ground. An emitter resistor Rg (200
ohms) is connected between the emitter electrode of
transistor Trj and ground, and a collector resistor R7 (350
ohms) is connected between the power source terminal

1 and the collector electrode of transistor Try. A bypass

capacitor C3 (0.01 uF) is connected between the power
source terminal 1 and ground, and serially connected
oscillation capcitors C4 and Cs respectively having ca-
pacitances of 120 pF and 1500 pF are connected in
parallel with the bias resistor Re.

With the bias circuit shown in FIG. 2, since the field
effect transistor Tr; acts as a constant current circuit for
the base bias circuit of the oscillation transistor Try, it 1S
possible to maintain the output voltage Voderived from
a terminal 2 at a substantially constant target value of
0.1 volts (r.m.s.) even when the power source voltage B
is reduced to 4 volts from the normal voltage of 6 volts
(that is a reduction of about 30%) as shown by curve
- Vop in FIG. 4. Furthermore, as shown by curve I, the
power source loading current I is maintained at a sub-
stantially constant value of 3 mA for power source
voltages above 4 volts.

The current flowing through the quartz oscillator
element is also constant like current I even when the
power source voltage varies, and measured to be about
450 pA.

Since the quartz current is stabilized in this manner,
the oscillation frequency of the quartz oscillator can be
maintained constant even though the power source
voltage wvaries. Moreover, as the current flowing
through the quartz is small, the aged variation in the
frequency can also be minimized.

Although resistor Rs is adapted to prevent the signal
directed to the base electrode of transistor Try from
branching to the gate electrode of the field effect tran-

sistor Trs, when the internal resistance of this transistor 50

Tra is high (for example, larger than several kiloohms),
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the resistor Rs may be omitted, thus connecting the

source electrode of the field effect transistor Try di-
rectly to the base electrode of transistor Tri. Actually,
any stray capacitance associated with the gate electrode
of transistor Tr; may substitute for capacitor Ce.

The manner in which automatic gain controlling of
the piezo-electric oscillator shown in FIG. 2 is achieved
will now be described. The negative half cycle of the

oscillation created at the base electrode of the transistor 60

Tr; at the start of the oscillation i1s rectified and
smoothed out by diode D1 and capacitor Cg so that this
negative rectified voltage component is applied to the
gate electrode of the field effect transistor. Conse-
quently, as the amplitude of the oscillation appearing at
the base electrode of the transistor Tri increases, the
negative voltage impressed upon the gate electrode of

the field effect transistor increases, thus decreasing the
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source voltage of this field effect transistor. Accord-
ingly, the base current of transistor Tr; decreases to
decrease the amplitude of the oscillation appearing at
the base electrode of transistor Try to the normal value.
Thus, automatic gain control i1s accomplished.

As described above, in the quartz oscillator of this
invention, automatic gain control is introduced into the
bias circuit of the oscillator so that it is possible to stabi-
lize the quartz current and the output voltage against
not only an external cause, such as the variation in the
power source voltage, but also an internal cause, such as
the ageing of the oscillation transistor Tr;. Thus, the -
circuit provldes hlghly stabilized oscillation fre-
quency. |

FIG. 3 illustrates another embodlment of this inven-
tion showing the application of this invention to a Col-
pitts type crystal oscillator. The FIG. 3 embodiment
differs from the circuit shown in FIG. 2 in that a diode
D; and a resistor Rg (100 kiloohms) are serially con-
nected between the gate electrode of the field effect
transistor Try and the base electrode of transistor Trji,
and also in that a capacitor C7 (10 pF) is connected
between the cathode electrode of diode D and the
junction -between collector resistors R3 and Rjg (50
ohms) of transistor Tr). Since the purpose of resistor Rg
is to prevent a signal passing through capacitor C7 from
reaching the base electrode of transistor Try, it can be
replaced by an inductance coil. |

With this modified embodiment, the automatic gain
control is stronger than in the embodiment shown in
FIG. 2. More particularly, the amplitude of the signal
appearing at the base electrode of transistor Trj 1s also
amplified by the collector resistor R3 and the amplified
signal is applied to the diode D via capacitor C7, with
the result that the degree of automatic gain control is
increased by this increased amplification.

The series collector resistors may include more than
two resistors. Also, instead of connecting the capacitor
C; to the junction of divided collector resistors R3 and
R 10, the resistor R3 may be omitted so as to connect the
capacitor ‘C7 to the junction between the resistor Rio
and the collector electrode of transistor Tri.

The invention is not limited to the Colpitts type oscil-
lation circuit but can also be applied to Hartley type
oscillation circuits as shown in FIGS. 5a and §b. With
reference to these figures, an inductive tuning circuit
(Cy, L) is connected to the collector electrode of the
oscillation transistor Tri. The circuits shown in FIGS.
5a and 5b will attain similar effects to those of the cir-
cuits shown in FIGS. 2 and 3.

The embodiments shown in FIGS. 62z and 6b are
different from those shown in FIGS. 5z and 5b in that in
place of inductive tuning circuits, capacitive tuning
circuits (L', CV"') are used to constitute Colpitts type
oscillators, attaining similar effects to those of the cir-
cuits shown in FIGS. 2 and 3. Since the principle of the
construction of the Colpitts type and Hartley type oscil-
lators are well known in the art, for example, as dis-
closed in ITT, Reference Data for Radio Engineers, Sth
Edition, page 12-19, their description will not be given
herein. .

Although as the piezo-electric oscillator element, a
crystal oscillator is a typical one, other piezo-electric
oscillator elements, such as elements made of lithium
tantalate, lithium niobate, etc. can also be used. Further-
more, although in the embodiments described above,
the output terminal 2 is coupled directly to the collector

~ electrode of the oscillation transistor Tri, the output
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terminal may be coupled to the last stage of a multi-

stage amplifier in which case the output terminal may

be connected to either the collector or the emitter elec-
trode.

In the embodiments shown in FIGS. 3, 56 and 6b, one
end of resistor Ro is connected to the base electrode of
transistor Trj. This connection is possible when the Is
(source current) —G (gate voltage) characteristic of the
field effect transistor is relatively shallow in the nega-
tive side, but where the Is—G characteristic is deep in
the negative side, the one end of resistor Rg can be
directly grounded as shown in FIG. 7 (which is identi-
cal to FIG. 3 except this direct grounding).

Instead of being connected to ground, one end of the
capacitor Cg may be connected to the power source as
shown at dashed line in FIGS. 2 and 3 to attain another
effect than the smoothing effect. Immediately after the
application of the power source voltage, the current
charging the capacitor C¢ flows into the diode Dj to
raise the gate potential of the transistor Try. As a result,
the source potential of the transistor Trj is raised to
increase the base potential of the transistor Trj so that
the base current of the transistor Trip 1S increased,
thereby facilitating the starting of oscillation.

What 1s claimed is:

1. In a piezo-electric oscillator of the type comprising
a piezo-electric oscillator element, an oscillation transis-
tor connected to control the oscillation of said oscillator
element, and base bias circuit means for driving said
oscillation transistor, the improvement wherein said
base bias circuit means comprises a field effect transistor
having a drain connected to a power source and a gate
and source connected in common to the base of said
oscillation transistor, and a diode connected between

said gate and said base to rectify the oscillation signal

being passed to the gate of said field effect transistor.
2. The piezo-electric oscillator according to claim 1
wherein said oscillator element is connected between
the base of said oscillation transistor and ground.
3. The piezo-electric oscillator according to claim 1
wherein said oscillator element 1s connected between
the base and the collector of said oscillation transistor.

6

4. The piezo-electric oscillator according to claim 1,
2 or 3 wherein a resistor is connected between the cath-
ode of said diode and the base of said oscillation transis-
tor, and a capacitor is connected between the cathode
of said diode and an output terminal which delivers the
output signal from said oscillation transistor.

5. The piezo-electric oscillator according to claim 4
wherein said capacitor has one end connected to the
cathode of said diode and the other end connected to a

10 junction of at least two serially connected resistors
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connected to the collector of said oscillation transistor.

6. The piezo-electric oscillator according to claim 4
wherein said capacitor has one end connected to the
cathode of said diode and the other end directly con-
nected to the collector of said oscillation transistor.

7. The piezo-electric oscillator according to claim 4
wherein a resistor 1s connected between the source of
said field effect transistor and the base of said oscillation
transistor.

8. The piezo-electric oscillator according to claim 4
wherein a capacitor 1s connected between the anode of
said diode and ground.

9. The piezo-electric oscillator according to claim 4
wherein a capacitor i1s connected between the anode of
said diode and said power source.

10. In a piezo-electric oscillator of the type compris-
ing a piezo-electric oscillator element, an oscillation
transistor connected to control the oscillation of said
oscillator element, and base bias circuit means for driv-
ing said oscillation transistor, the improvement wherein
said base bias circuit means comprises a field effect
transistor having a drain connected to a power source
and a source connected to the base of said oscillation
transistor, and a diode having an anode connected to the
gate of said field effect transistor and a cathode con-
nected to ground for rectifying the oscillation signal
being passed to the gate of said field effect transistor.

11. The piezo-electric oscillator according to claim
10 wherein said oscillator element i1s connected between
the base of said oscillation transistor and ground.

12. The piezo-electric oscillator according to claim
10 wherein said oscillator element is connected between

the base and the collector of said oscillation transistor.
* - * X
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